This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
latemational Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Intemafioiial Patent Classification ^: 
GOIN 33/56, 33/58; A61K 43/00: 
C07G 7/00 



Al 



(11) Inteniational Publication Nmnber: WO 81/02930 
(43) International Publication Date: 15 October 1981 (15.10.81) 



(21) International Application Nomben PCT/USS 1/00390 

(22) International Filing Date: 27 March 1981 (27.03.81) 

(31) Priority Application Nmnben 138,785 

(32) Priority Date: 9 April 1980 (09.04.80) 

(33) Priority Country: US 



(71) Applicant: UNIVERSITY PATENTS, INC. [US/US]; 

537 Newtown Avenue, Norwalk, CT 06851 (US). 

(72) Inventors: ALLEN, Robert, H.; 4001 S. Dexter, Engle- 

wood, CO 80110 (US). SELIGMAN, Paul, A.; 1200 S. 
Oneida, Denver, CO 80224 (US). 

(74) Agents: TEPLTTZ, Jerome, M. et al.; P. O. B ox 6080, Nor- 
walk, CT 06852 (US). 



(81) Designated States: DE (European patent), FK (Euro- 
pean patent), GB (European patent), JP, SE (Euro- 
pean patent). 



Pubfished 

With international search report 



(54) Title: IMMUNOASSAY FOR MEASUREMENT OF RETICULOCYTES 
(57) Abstract 

The reticulocyte content present in a spedmen of red blood cells is quantitatively measured based upon the selective im- 
munoreactivity of the reticulocyte portion of the spedmen with a reticuiocyte-specific antibody which is immunoreactive with 
protemaceous material assodated with reticulocytes but not associated with mature red blood cells. Such immunoreacUve pro- 
temaceous material may be transferrin, transferrin receptor, transcobalamin II, or transcobalamin H receptor. Various procedu- 
res are described for quantitating sudi selective immunoreactivity, induding fluorescent and radioactive detection techniques 
employmg dn-ect or indirect fluorescent or radioactive labeling of the reticuiocyte-specific antibody 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identifyStates party to thePCT 
cations under the PCX. 



AT 


Austria 


AU 


Australia 


BR 


Braza 


CF 


Central AMcan Republic 


C6 


Congo 


CH 


Switzerland 


CM 


Cameroon 


DE 


Germany, Federal Republic of 


DK 


DeomarJc 


n 


Finland 


FH 


France 


GA 


Gabon 


GB 


United Kingdom 


HU 


Hungary 


JP 


Japan 



the frontpages of pamphlets publishing international appli- 



EP 


Democratic People's Republic ofKorea 


LI 


Liechtenstein 


LU 


Luxembourg 


MC 


Monaco 


MG 


Madagascar 


MW 


Ma]a<tri 


NL 


Netherlands 


NO 


Norway 


RO 


Romania 


SE 


Sweden 


SN 


Senegal 


SU 


Soviet Union 


TD 


Chad 


TG - 


Togo 


US 


United States of America 



wo 81/02930 



PCT/US81/00390 



-1- 



Description 



IMMUNOASSAY FOR MEASUREMENT OF RETICULOCYTES) 



BACKGROUND OF THE INVENTION 
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The invention described herein was made in the course 
of work under a grant or award from the Department of 
Health, Education and Welfare. 

This invention relates to blood analysis and, more 
particularly, to the determination of the reticulocyte 
content present in a specimen of red blood cells. 

Reticulocytes are newly synthesized red blood cells 
that have been released from the bone marrow within the 
preceeding twenty-four to forty-eight hours. In normal 
circulating blood, the reticulocyte count, i.e., the 
percentage of reticulocytes based upon the total number 
of red blood cells, is generally less than two percent. 
Measurement of the reticulocyte count of a blood specimen 
is a highly useful diagnostic test, particularly in evalu- 
ating the cause of anemia in a patient. In patients with 
anemia, a high reticulocyte count indicates that the anemia 
is being caused by increased red cell loss, while a low 
reticulocyte count indicates the anemia being due to 
decreased red cell production. Also, increased reticulo- 
cyte counts found in patients with a normal hemoglobin and 
hematocrit may alert the physician to increased red cell 
loss. 

The current methods which are commonly employed for 
determining reticulocyte counts utilize special stains 
which selectively stain nuclear remnants such as RNA which 
are found in reticulocytes but not in mature red blood 
cells. Following these time-consuming staining procedures, 
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the reticulocytes are manually counted by using a 
microscope to determine the percentage of red blood 
cells that stain as reticulocytes.. 

The fact that reticulocytes contain RNA indicates 
5 that they, are able to synthesize hemoglobin and other 
proteins. Previously performed binding studies have 
shown that iron bound to transferrin (the major iron 
transport protein in human plasma) and vitamin 
bound to transcobalamin II (the major vitamin B^^^ 

10 transport protein in human plasma) are taken up by 

reticulocytes but not by mature red blood cells. This 
suggests that reticulocytes differ from mature red 
blood cells in containing receptors for transferrin and 
transcobalamin II, and, through such receptors, trans - 

15 ferrin and transcobalamin II in bound form. 
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SUMMARY OF THE INVENTION 
It is, accordingly, a primary object of the present 

invention to provide an improved method for deteonnining 

reticulocyte counts which is more convenient and less 

5 time-consuming to carry out than existing, commonly 
employed procedures • 

Another object of the invention is to provide a 
reticulocyte assay in accordance with the preceding 
object, which is readily adaptable for use in conjunc- 

^ tion with automated counting techniques - 

A further object of the invention is to provide 
a reticulocyte assay in accordance with the preceding 
objects, which is compatible for being carried out on- 
line^ in conjunction with standard techniques for deter- 

^ mining total red blood cell count. 

Still another object of the invention is to pro- 
vide n6vel reagents which are capable of distinguishing 
retioulocytes from mature red blood cells with a high 
degree of specificity for use in carrying out the reti- 

I 

culocyte assay in accordance with the preceding objects - 
The above and other objects are achieved in accord- 
ance with the present invention by means of an immuno- 
assay procedure which takes advantage of the distinctive- 
ness of reticulocytes from mature red blood cells in con- 
taining certain proteinaceous material, such as transfer- 
rin, transferrin receptor, transcobalamin II, and trans- 
cobalamin II receptor. The immunoassay employs as its 
primary reagent a reticulocyte-specif ic antibody which is 
substantially immunoreactive with the proteinaceous mate^- 
rial substantially associated with reticulocytes but not 
siibstantially associated with mature red blood cells. In 
employing the immunoassay for quantitatively measuring 
the reticulocyte content present in a specimen of red 
blood cells, an incubation mixture is first formed com- 
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prising the specimen and the reticulocyte-specific 
antibody. The incubation mixture is then incT±>ated 
for a period of time" sufficient to enable immuno- 
reaction to occur. This results in the reticulocyte- 
5 specific antibody forming an immunoreaction product 
selectively with the reticulocyte portion of the 
specimen via the immunoreactive proteinaceous mate- 
rial. Thereafter, the reticulocyte portion of the 
specimen is quantitatively measured based upon the 
10 extent of the immunoreaction, which may be determined 
in any of several different ways. Particularly suit- 
able as quantitating techniques are fluorescent or 
radioactive detection techniques employing direct or 
indirect fluorescent or radioactive labeling of the 
15 reticulocyte-specific antibody. 

The immunoassay of the present invention is readily 
adaptable for use in conjunction with standard manual or 
automated fluorescent* or radioactive counting systems. 
Furthermore, the immunoassay together with its associa- 
ted counting system is readily compatible with being 
carried out on-line in conjunction with standard tech- 
niques for determining total red blood cell count, 
thereby enabling an integrated system for determining 
both the total red blood cell count and the reticulo- ■ 
25 cyte count of a blood specimen. 



20 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

The reticulocyte-specific antibody employed as 
the primary reagent in the immunoassay of the present 
invention, is defined as one which is substantially 
immunoreactive with proteinaceous material substantial- 
ly associated with reticulocytes but not substantially 
associated with mature red blood cells. Such protein- 
aceous material is most suitably selected from the 
group consisting of transferrin, transferrin receptor, 
transcobalamin II,- transcobalamiri II receptor, and ' 
combinations thereof. 

The antibody reagent may suitably be prepared by 
standard antibody-producing techniques in any suitable 
animal, most typically a rabbit, starting with a puri- 
fied form of the proteinaceous material with which the 
antibody is to be immunoreactive. Purified human trans- 
ferrin suitable for use in antibody production is com- 
mercially available, for example, from Sigma Chemical 
Company, St. Louis, Missouri. Purified human trans- 
cobalamin II and purified human transcobalamin II recep- 
tor suitable for use in antibody production may suitably 
be prepared by the procedures described by Allen, et al. , 
J. Biol. Chem. , Vol. 247, pp. 7709-7717 (1972) (Human ' 
transcobalamin II) ; and Seligman, et al. , J. Biol. Chem . , 
Vol, 253, pp. 1766-1772 (1978) (Human transcobalamin II 
receptor) , both of which are incorporated herein by 
reference. 

A procedure for the preparation of purified himan 
•transferrin receptor, isolated from human placenta, and 
suitable for use in antibody production, has been devel- 
oped by the present inventors. Such purification proce- 
dure, and the characterization of the purified human 
transferrin receptor obtained thereby, are described in 
detail in a published paper by Seligman, et al. , appear- 
ing in J. Biol. Chem . , Vol. 254, No. 20, pp. 9943-9946 
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(October 2Sr 1979), which paper is incorporated herein 
by reference. In carrying out such purification pro- 
cedure, a crude solubilized transferrin receptor 
preparation is first obtained by mixing a human placen- 
5 tal homogenate in ph^iologic buffer with approximately 
one percent Triton X-100, followed by centrifugation 
and recovery of the crude solubilized transferrin 
receptor preparation as the supernatant. This crude 
preparation also contains transferrin, both in free 
10 form and bound to the transferrin receptor. The trans- 
ferrin receptor-transferrin complex is then precipitated 
from the crude preparation by mixing with ammonium sul- 
fate, leaving the free transferrin remaining "in the 
supernatant. The transferrin receptor-transferrin com- 
15 plex is then extracted from the ammonixam sulfate pre-, 
cipitate with 0.1 percent Triton X-100 in physiologic 
buffer, and* subjected to immune chromatography on an 
antihuman transf errin-Sepharose column, which binds the 
transferrin receptor-transferrin complex. The trans- 
20 ferrin receptor substantially free of transferrin is 
then eluted from the immuno chromatography column with 
an elution buffer composed of 20 mM glycine /NaOH, 
. pH 10.0, 500 mM NaCl, and 0.5 percent Triton X-100. 
The transferrin receptor eluted from the immuhochroma- 
25 tography column is then subjected to affinity chroma- 
tography on a hioman transf errin-Sepharose column, from 
which it is eluted with an elution buffer composed of 
50 mM glycine/NaOh, pH 10.0, 1 M NaCl, and 1.0 percent 
Triton X-100. The transferrin receptor eluted from the 
30 affinity chromatography column is then concentrated by 
ammonium sulfate precipitation and extraction from the 
. ammonium sulfate precipitate with 0 . 1 percent Triton 
X-100 in physiologic buffer, to form the final purified 
transferrin receptor preparation. This purification pro- 
35 cedure results in the isolation of human transferrin 
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reeeptor having a purity of greater than 95 percent 
from a human placental starting material containing 
the transferrin receptor in a concentration of less 
than 0.01 percent. 
5 Prepara[tion of the antibody reagent from the 

purified proteinaceous material may be carried out by 
standard techniques well known in the art, i.e., 
by injection of any suitable animal, such as rabbits, 
goats, sheep, etc., with the purified proteinaceous 

10 material, and subsequent collection of the resulting 
antiserum. In a typical procedure, an injectable pre- 
paration of the purified proteinaceous material is 
prepared in physiologic buffer mixed with an equal 
volume of Freund's complete adjuvant. Rabbits are in- 

15 jected with this preparation, each rabbit receiving 
100 tig of the proteinaceous material on Day 1, given 
as injections of 25 yg into each foot pad. The rabbits 
are boosted on Day 30 by injections given in the same 
manner, except that the amount of proteinaceous material 

20 injected per rabbit is reduced to 40 yg. The rabbits 
are bled on Day 40. The blood is allowed to clot at 
room temperature for one hour, and then stored at 4^C 
for sixteen hours. The antisera are then- collected by 
centrifugation, e. cr. , at 20,000 x g for thirty minutes, 

25 and stored at -20«C, Monoclonal antibodies may also be 
prepared using a technique such as mouse hybridomas. 

For use as the antibody reagent in carrying out the 
immunoassay of the present invention, the antisera ob- 
tained in the above manner may suitably be employed as 

30 such. Alternatively, purified antibody can be obtained 
from the antisera by conventional means, for example, 
ammonium sulfate precipitation or affinity chromatography 
on antigen-Sepharose, and the antibody in thus-purified 
form may be employed as the antibody reagent. 
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The form of the specimen, of red blood cells whose 
reticulocyte count is being measured depends upon the 
particular reticulocyte-specific antibody reagent being 
employed. Blood serum normally contains a significant 
5 amount of free, unbound transferrin and transrcobalamin II. 
Due to this fact, when the antibody reagent is anti- 
transferrin antibody or anti-transcobalamin II antibody, 
the red blood cells must be separated from the blood 
serum, washed with physiologic buffer (e.^. , phosphate- 
10 -buffered saline or 10 mM potassium phosphate, pH 7.5, 
150 mM NaCl) , and then resuspended in physiologic 
buffer. On the other hand, when the antibody reagent is 
anti-trans ferrin receptor antibody or anti-transcobalamin 
II receptor antibody, the red blood cells need not be 
15 washed and can be subjected to the immunoassay in blood 
suspension form. For this reason, coupled with its 
higher sensitivity with respect to reticulocytes in 
comparison with anti-transcobalamin II receptor anti- 
body, the preferred antibody reagent for use in the 
20 immunoassay of the present invention is anti -trans ferrin 
receptor antibody. 

In carrying out the immunoassay in accordance with 
the present invention, an incubation mixture is first 
formed comprising the specimen of red blood cells whose 
25 reticulocyte content is to be measured, and the reticu- 
locyte-specific antibody reagent. The relative propor- 
tions of these components of the incubation mixture may 
vary over a rather broad range.' In general, with an 
incubation mixture containing approximately 2 x 10^ 
30 red blood cells, the antibody reagent should be employed 
in an amount providing, broadly, from about 0.0001 to 
about .100, and preferably, from about 0.1 'to about 
10 yg of the reticulocyte-specific antibody. As a 
general rule, the reticulocyte-specific antibody con- 
35 centration in the antisera as collected from the 
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30 



35 



animal will be approximately 1 ng/uL Thus, when the 
antisera is used directly as the antibody reagent 
without further antiisody purification, from about 
0.0001 to about 100 yl of the antisera will provide 
5 the requisite amount of reticulocyte-specific antibody. 
If desired, the antisera can be diluted with physio- 
logic buffer to a volme which is most convenient for 
use in forming the incubation mixture'. For example, 
a suitable incubation mixture may conveniently be 
10 formed by adding to 50 yl of red blood cell suspen- 
sion the requisite amount of reticulocyte-specific 
antibody in a volume of 10 to 100 yl. 

The thus- formed incubation mixtxire is then in- 
cubated for a period of time sufficient to enable 
15 iinmunoreaction to occur. The requisite time period will 
vary, depending upon the temperature at which the incuba- 
tion is carried out, with lower incubation temperatures 
requiring longer incubation periods. In general, the 
incubation period may vary from about five minutes to 
about twelve hours at incubation temperatures within 
the range of from about 4» to about 37 »C. Particularly 
suitable incubation schedules are thirty minutes at 37 »C 
or two hours at room temperature. 

The immunoassay of the present invention is based 
upon the selective immunoreactivity of the reticulocyte 
portion of the red blood cell specimen with the 
reticulocyte-specific antibody reagent via the immunore- 
active proteinaceous material which is substantially 
associated with the reticulocytes but not substantially 
associated with the mature red blood cells. Quantita- 
ting such selective imniunore activity based upon the 
extent of the immunoreaction serves as a quantitative 
measurement of the reticulocyte portion of the specimen • 
Any one of several different quantitating techniques 
may be employed in conjunction with the immunoassay 
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for making such quantitative measurement. 

The quantitating technique employed with the 
immunoassay of the present invention may be based upon 
the amount of the immunoreaction product formed between 
5 the reticulocyte-portion of the red blood cell specimen 
and the reticulocyte-specific antibody reagent. This 
may be determined as the amount of bound antibody 
• present in the immunoreaction product, which may be 
quantitated by standard manual or automated fluores- 
10 cent or radioactive detection techniques well known in 
the art employing direct or indirect fluorescent or 
radioactive labeling of the reticulocyte-specific anti- 
body. Thus, the reticulocyte-specific antibody when 
incorporated into the incubation mixture may be in 
15 fluorescent- labeled form, labeled with a suitable . 
fluorescent labeling agent such as, for example/ 
fluorescein or rhodamine, or it* may be in radioactive- 
labeled form, labeled with a suitable radioactive 

125 131 

labeling agent such as, for example, I or !• 

20 Alternatively, the reticulocyte-specific antibody 

when incorporated into the incubation mixture may. be in 
unlabeled form, and labeling may be effected subsequent 
to the immxinoreaction by incubating the immunoreaction 
product with a fluorescent- labeled or radioactive- 

25 labeled substance which is bindable to the immuhore- 
acted reticulocyte-specific antibody. Such antibody- 
bindable sxibstance will typically be a second antibody 
directed against the reticulocyte-specific antibody, 
i^.e. , raised to the globulins of the animal source of 

30 the reticulocyte-specific antibody (anti-IgG) . Alter- 
natively, the antibody-bindable substance may be, for 
example. Staphylococcal A protein, a protein which is 
known to bind to antibodies. 

With either the direct or indirect fluorescent or 

35 radioactive labeling approach described above, the 
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fluorescence or radioactivity, as the case may be, 
exhibited by the iinin\anoreaction product may be quan- 
titated. by standard manual or automated fluorescent 
or radioactive counting techniques well known in the 
5 art, thereby providing a quantitative measurement of 
the reticulocyte content of the red blood cell- 
specimen. 

Another technique for determining the amount of 
the immunoreaction product formed between the reticu- 

10 locyte-specific antibody and the reticulocyte portion 
of the red blood cell suspension, involves the use of. 
complement to the reticulocyte- specific antibody. Such 
complement may be added to the incubation mixtures , and 
the amount of the immunoreaction product formed may 

15 then be determined by measurement of the resulting com- 
plement-mediated effects. For example, this procedure 
might result in swelling of the reticulocytes, thus al- 
lowing for differentiation from mature red blood cells 
by size- Also this procedure might cause complete 

20 complement-mediated hemolysis of the reticulocytes, 
which could be quantitated in an automated system by 
measuring the amount of hemoglobin released or by the 
loss of a subpopulation of larger sized cells noted 
before the cells are treated. 

25 The quantitative measurement of the reticulocyte 

portion of the specimen may also be based upon the 
amount of the immunoreactive proteinaceous material 
present in the specimen. For carrying out the immuno- 
assay of the present invention in this manner, the 

30 incubation mixture will also contain a known amount of 

the immunoreactive proteinaceous material in addition 

« 

to that present in the specimen and in radioactive- 
labeled form, and the amount of the immunoreactive 
proteinaceous material present in the specimen will be 
35 determined by standard radioimmunoassay techniques well 
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known in the art. 

The immunoassay of the present invention, parti- 
cularly when employed in conjunction with the fluores- 
cent or radioactive detection techniques described 
5 above, can be readily adapted to an automated system 
for reticulocyte counting by adding the appropriate 
reticulocyte-specific antibody to a- blood cell specimen 
subjected to an existing flow system used for cell 
covinting* All red blood cells would be counted in the 

10 flow system, and a fluorescent or radioactive detector 
could be situated on-line down stream from the cell 
counter. Then, using existing computerized techniques, 
the niomber of fluorescent or radioactive cells could 
be tabulated^ and the percentage of reticulocytes 

15 quantitated. 

The invention is further illustrated by way of 

the following examples • 
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Example 1 

This example illustrates the preparation of ptari- 
fied human transferrin receptor, isolated from human 
placenta. 

5 . A placental homogenate was prepared by cutting 
two placentas weighing a total of 1500 g into approxi- 
mately 40 g pieces, and homogenizing them in a Waring 

Blendor for 30 seconds in 1.5 volumes of 10 mM KPO^, 

4 

PH7.5, containing 150 mM NaCl. The mixture was cen- 
10 -trifuged, and the pellets were resuspended in 1500 ml 
of the same buffer and frozen. The frozen homogenate 
could be stored for up to 3 days with no loss of 
receptor activity. 

The resuspended pellet was thawed and 500 ml of 
•15 10 mM KPO4, pH7.5, containing 150 mM NaCl and 4 percent 
Triton X-100 was added. Solubilization was then con- ' 
tinued utilizing homogenization with a Waring Blendor, 
sonication, and centrifugation. Crude solubilized 
transferrin receptor preparation was recovered as the 
2 0 supernatant . 

Solid ammonium sulfate, 31.5 g/100 ml, was -added 
to the supernatant from the previous step. After 
stirring for 10 minutes at 4»C, the sample was centri- 
fuged at 20,000 x g for 20 minutes at 4«'C. Since' the 

25 Triton X-100 present caused flotation of the precipi- 
tate, clear centrifuge bottles were used, and the 
supernatant was aspirated with a vacuum suction device. 
The precipitate was resuspended in 600 ml of 10 mM KPO^, 
PH7.5, containing 150 mM NaCl and 0.1 percent Triton 

30 x-100 and dialyzed against 4 liters of the same 
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solution for 16 hours* The dialysate was changed at 
4 and 12 hours r 

The dialyzed ammonium sulf ate preparation *f rom the 
previous step was centrifuged in 2QQ-^ml portions at 
5 16^000 X g for 20 minute?. The supernatant was then 
applied to ^ colvimn C2 x 30 cml containing 60 ml of 
antihioman transferrin-Sepharose equilibrated in 10 
m KPO^^ pa 7,5^ 150 jnM NaCl' CequiliBration Suffer], 
and 0,1% Triton X'-IO.Q at 4^C, It was necessary to cen- 

10 trifuge the dialyzed ammonium sulfate preparation just 
Before applying it to the column to prevent the slow 
formation of precipitates which would not allow the 
flow rate of 50 ml/h to be maintained. After 200 ml 
of solution had been applied, the column was washed 

15 with a variety of solutions in the following, order:, 
wash II 200 ml of equilibration . buff er; wash 21 100 
ml of IQ jm KPO^, pH 7,5, 500 mil NaCl; wash 3) 100 ml 
of equilibration buffer; wash 41 200 ml of 20 mM 
glycine/NaOH, pH 10.0^ 500 mM NaCl, and 0,5% Triton X-100; 

2Q and wash 51 100 ml of 10 mT-l glycine/HCl, pH 2, 150 mM 
NaCl. The flow rate for washes 1 to 3 was 100 inl/h 
and 50 jnl/h for washes 4 and . 5, Wash 4 contained the 
bulk of the receptor activity. Wash 5 was performed to 
remove all the bound transferrin so the affinity column 

25 could be reused. Solid ammonium sulfate C31»5 g/100 
mil was added to wash 4, and the solution was stirred 
and centrifuged, the supernatant, was aspirated, and 
the pellet was resuspended in 100 ml of equilibration 
buffer and dialyzed as described above in the previous 

30 ammonium sulfate precipitation step. 

The dialyzed amrrionium sulfate pellet' from the pre- 
vious step was applied to a column {1,5 x 15 cml con- 
taining 15 ml of human transf errin-Sepharose in equili- 
bration buffer. The column was then washed with the 
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following solutions: wash 11 100 ml of equilibration 
buffer; wash 21 40 ml of 10 mM KPO^, pH 7.5, 1 M NaCl; 
wash 3) 20 ml of equilibration buffer; and wash 4) 40 
ml of 50 mM glycine/NaOH, pH 10,0, 1 M NaCl, and 1,0% 
Triton X-100. Wash 4, which contained the bulk of 
receptor activity, was concentrated to 4 ml using am- 
monium sulfate precipitation, and dialyzed against 
equilibration buffer as. described above in the previous 
ammonium sulfate precipitation steps, to obtain the 
final transferrin receptor preparation. 

The final transferrin receptor preparation con- 
tained 1.2 mg of protein. Assays for immunoreactive 
transferrin indicated that the preparation contained 
only 15 yg of transferrin which could be removed by 
passing the solution over an antihximan transferrin- 
Sepharose column. 

The final transferrin receptor preparation gave 
a single band on poly aery lamide disc gel electrophoresis 
which coincided with a single peak of ''"^^I-transf errin 
binding ability, and stained for both protein and car- 
bohydrate • On sodium dodecyl sulfate-polyacry lamide 
gel electrophoresis, the transferrin receptor had a 
molecular weight of 150,000, and dissociated into 
90,000, 60,000 and 30,000 molecular weight components 
after reduction with 2-mercaptoethahol. 

Example 2 

This example illustrates the preparation in rabbits 
of anti-human transferrin receptor antibody from the 
purified human transferrin receptor prepared in example 
1. 

The purified humaji transferrin receptor prepara- 
tion as prepared in example 1, in physiologic buffer, 
was .mixed with an equal volume of Frexond's complete 
adjuvant. Each rabbit received 1 ml of this mixture. 
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containing 100 jig of transferrin receptor, on Day 1, 
given as injections of 0.25 ml into each footpad- 
Rabbits were boosted on Day 30 by injections given in 
the same manner, except that the amoimt of transferrin 
receptor injected per rabbit was reduced to '40 yg. 
Rabbits were bled on Day 40. The blood was allowed to 
clot at room temperature for 1 hour, and then was 
stored at 4»C for 16 hours. The antisera were then 
collected by centrifugation at 20,000 x g for 30 
minutes and stored at -20°C. 

The thus prepared anti-human transferrin receptor 
antibody was found to inhibit the binding of "'"^^ I- trans- 
ferrin to purified human transferrin receptor. The 
antibody gave a single precipitin line against the 
purified transferrin, receptor which cross- reacted with 
a pattern of identity with solubilized placental 
homogenate and solubilized red cell membranes from a 
patient with a 20 percent reticulocyte count; no 
precipitin line was seen with solubilized red cells 
from a subject with less than 2 percent reticulocytes. 
This information indicates that the transferrin binding 
protein that was isolated is the placental cell surface 
transferrin receptor and shows that the placental 
transferrin receptor is immunologically related to 
the transferrin receptor .on the reticulocyte membrane. 
The data also suggests that immunoreactive reticulocyte 
transferrin receptor is altered or lost from the cell 
surface as the reticulocyte matures into a normal red 
cell. 

Example 3 

This example illustrates the reticulocyte immuno- 
assay of the present invention, carried out as a double 
antibody immunofluorescent technique. 

A specimen of red blood cells (2 x 10^} known to 
have a 20 percent reticulocyte count was washed in 
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physiologic buffer (10 mM KPO^, pH 7.5,- 150 mM NaCl) , 
then suspended in 50 yl of the physiologic buffer, 
and then incvibated with 10 . yl of the rabbit* anti- 
human transferrin receptor antisera prepared as in 
example 2, above » The incubation was carried out for 
30 minutes at 37**C, The cells were again washed in 
physiologic buffer, resuspended in 50 yl of the physio- 
logic buffer, and reincubated with 100 yl of the 
second antibody, which was f luorescein-labelled goat 
anti-rabbit globulin, for 30 minutes at 37*'C. After 
a final wash in physiologic buffer, the cells were 
examined under microscopy using both a phase and 
fluorescent light source. The phase field showed a 
clump of reticulocytes surrounded by mature red blood 
cells. The same field using the fluorescent source 
showed that only the reticulocytes exhibited membrane 
fluorescence, whereas the matxire red blood cells did 
not. The fluorescence was not quenched when endogenous 
transferrin was stripped from the reticulocytes, or 
when the antisera was previously absorbed with excess 
transferrin. 

The above procedvire was repeated, but this time 
employing as the first antibody rabbit anti-human 
transferrin antisera. Again, the comparison between 
the phase source and the fluorescent source showed 
that the reticulocytes exhibited membrane fluorescence, 
whereas the mature red blood cells did not. This time, 
however, the fluorescence was quenched when endogenous 
transferrin was stripped from the reticulocytes, or 
when the antisera was previously absorbed with excess 
transferrin. 

Example 4 

The double antibody immunof lucre scent technique 
as described in example 3, above, was used for 
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detennining the reticulocyte coxints of blood specimens 
obtained from a patient having pernicious anemia diag- 
nosed by low serum ^ "abnormal Schilling test. 
With patients of this type, an injection of vitamin 
5 ^results in' a daily increase in reticulocyte count, 
with peak reticulocyte response expected 4 to 5 days 
following the injection. The patient was given his 
first injection of vitamin B^^^ ^* Reticulocyte 
counts were measured on the day preceding the injection 

10 (Day 0) and daily for the 4 days subsequent to the 

injection (Days 2 to 5) . Reticulocyte counts employing 
the double antibody immunof luorescent technique of the. 
present invention were determined as the percent fluor- 
escent cells based upon the counting of 1,000 red 

15 blood cells. The reticulocyte counts were .the same 

employing either anti -human transferrin receptor anti- 
sera or anti-human transferrin antisera as" the first 
antibody in the double antibody immxinof luorescent 
technique. For purposes of comparison, simultaneous 

20 reticulocyte counts were also performed using standard 
supravital staining techniques and also counting 1,000 
red blood cells. The resulting reticulocyte counts ' 
obtained are set forth in Table I, below, which also 
lists ' for comparison purposes reticulocyte counts 

25 performed on a normal subject. 

Table 'I 



Day 


Reticuloo 


fte Count 


Innnunof luorescent 
Technique 


Supravital Stain 
Technique 


0 
2 
3 
4 
5 


0.5 
2.0 
6.0 
15.0 
16.0 


1.7 

• 

5.0 
.9.0 
19.0 
22.0 


Normal 


0.2 


0.8 
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It can be seen from Table I, that reticulocyte 
counts employing the immunof lucres cent technique 
in accordance with the present invention are some- 
what lower than those obtained using the standard 
5 supravital staining technique r although the results 
are still comparable. It is likely that with a more 
sensitive fluorescent detector, reticulocyte counts 
using the immunof lucres cent technique would be the 
same as with the standard supravital staining method. 

10 When the double antibody immvmof luorescent 

technique described above was- carried out employing 
as the first antibody either anti-human transcobalamin 
II antibody or anti-human transcobalamin II receptor 
antibody, the results were comparable, but with much 

15 lower levels of fluorescence being observed on the 

reticulocytes. Again, it is likely that an improved 
level .of fluorescence would be obtained utilizing a 
more sensitive fluorescent detector. 
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CLAIMS 



!• A method for the quantitative assay of 
the reticulocyte content present in a specimen of red 
blood cells y comprising the steps of: 



locyte portion of said specimen based upon the 
20 extent o'f said immuno reaction. 

2. The method of Claim 1, wherein said 
immunoreactive proteinaceous material is selected from 
the group consisting of transferrin, transferrin recep- 
tor, transcobalamin II, transcobalamin II receptor, and 

25 combinations thereof, 

3. The method of Claim 2, wherein said 
immunoreactive proteinaceous material is transferrin 
receptor. 

4. The method of Claim 1, wherein the quanti- 
30 tative measurement of the reticulocyte portion of said 

specimen is based upon the amount of said immuno reaction 
product formed, 

5. The method of Claim 4, wherein said 
reticulocyte-specific antibody is in fluorescent- 
labeled form, and the amount of said immunoreaction 



15 



10 



5 



(a) forming an incubation mixture 
comprising said specimen and a reticulocyte- 
specific antibody which is immunoreactive with 
proteinaceous material substantially associated 
with reticulocytes but not substantially associa- 
ted with mature red blood cells; 

(b) incubating said incubation mixture 
for a period of time sufficient to enable immuno- 
reaction to occur, whereby said reticulocyte- 
specific antibody forms an immunoreaction product 
selectively with the reticulocyte portion of said 
specimen via said immunoreactive proteinaceous 
material; and 

(c) quantitatively measuring the reticu- 
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. product formed is determined by fluorescent detection 
techniques . 

6* The method of Claim 4, wherein said 
reticulocyte-specific antibody is in radioactive- 
5 labeled form, and the amount of said imrnvmoreaction 
product formed is determined by radioactive, detection 
techniques. 

7. -The method, of Claim 4, including the 
further step subsequent to stop (b) of incubating 

10 said immunoreaction product with a fluorescent- labeled 
substance which is bindable to the immunoreacted 
reticulocyte-specific antibody, and the amount of said 
immunoreaction product formed is determined by fluores- 
cent detection techniques, 

15 8. The method of Claim 7, wherein said 

fluorescent-labeled substance is a fluorescent- labeled 
second, antibody directed against said *ret4.culocyte- 
specific antibody, 

9. The method of Claim 4, .including the 

20 further step subsequent to step (b) of incubating said 
immunoreaction product with a radio active- labeled 
substance which is bindable to the immunoreacted 
reticulocyte-specific antibody, and the amoiont- of said 
immunoreaction product formed is determined by radio- 

25 active detection techniques. 

10. The method of Claim 9, wherein said 
radioactive- labeled substance is a radioactive- labeled 
second antibody directed against said reticulocyte- 
specific antibody. 

30 11. The method of Claim 4, wherein complement 

to said reticulocyte-specific antibody is added to- said 
incubation mixture, and the amount of saici immunoreaction 
product formed is determined by measurement of the 
resulting complement-mediated effects. 

35 ' • 



wo 81/02930 



-22- 



12.. The method of ^ Claim 1, wherein the 
quantitative measurement of the reticulocyte portion 
of said specimen is based upon the amount of said 
immunoreactive proteinaceous material present in 
5 said specimen. 

13. The method of Claim 12, wherein said 
incubation mixtxire contains a known amount of said 
immunoreactive proteinaceous material in addition to 
that present in said specimen, said known amount 

10 being in radioactive- labeled form, and the amount 

of said immunoreactive proteinaceous material present 
in said specimen is determined by radioimmunoassay* 
techniques . 

14. Fluorescent-labeled anti-human trans- 
15 ferrin receptor antibody. 

15. Radioactive- labeled anti-human trans- 
ferrin receptor antibody. 
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